Birth weight (BW) can be used to assess the health status of the newborn. However, its impacts 24 on later in life regarding heart rate (HR) variability (HRV) is not totally clear. We aimed to 25 analyze the involvement of BW and body composition on HRV recovery following aerobic 26 exercise in children. The study was conducted in healthy children 9 to 11 years of age (40 27 females and 27 males) divided into two groups: G1 (BW < 3400 grams, N = 33) and G2 (BW > 28 3400 grams, N = 34). The volunteers completed an experimental protocol of submaximal aerobic 29 exercise on a treadmill and remained seated for 30 minutes after exercise. Systolic (SAP) and 30 diastolic arterial pressure (DAP), respiratory rate (f) and HRV were analyzed before and during 31 recovery from exercise. SAP and f were significantly decreased 30 minutes after exercise 32 compared to 1 minute after exercise in G1 and G2. Mean HR, high frequency band of spectral 33 analysis (HF) , root mean square of successive interbeat intervals difference, SD1 index and 34 mean lenght were diminished 0 to 5 minutes after exercise compared to rest in G2 while 35 maximum lenght increased 0 to 5 minutes after exercise compared to resting in G2. Linear 36 regression revealed association of fat percentage and BW with nonlinear HRV recovery. In 37 conclusion, autonomic recovery after exercise was somewhat delayed in children with high BW. 38 BW and fat percentage slightly influence HRV recovery. 39 40
INTRODUCTION 46
The cardiovascular system is regulated through the autonomic nervous system (ANS). Its 47 sympathetic and parasympathetic components sustain the organism within its homeostatic 48 patterns [1] . The ANS regulates the respiratory, thermoregulatory and vasomotor systems, 49 baroceptors and endocrine metabolism (renin-angiotensin-aldosterone) [2] . Activation of the 50 sympathetic nervous system elevates heart rate (HR), increases cardiac contractility, reduces 51 venous compliance and induces vasoconstriction, whilst parasympathetic modulation lessens HR 52 through vagal impulses [3] . 53
The autonomic responses of HR during aerobic exercise are considered by vagal 54 withdrawal in the first few seconds that elevate HR [4] . Afterwards, an increase in sympathetic 55 activity increases cardiac contraction and accelerates wave ventricular depolarization 56 conduction 2 . In contrast, non-elevation of HR in the initial phase of exercise may be indicative of 57 a deficiency of vagal activity [3] . Vagal re-entrance and sympathetic withdrawal contribute to the 58 return of HR levels attained at the start of exercise [4] . 59 HR variability (HRV) evaluates interbeat oscillations [5, 6] and can be noninvasively 60 investigated through the analysis of RR intervals in physiological or pathological conditions, 61 providing evidence regarding the influence of ANS [7, 8] on the sinus node through linear and 62 non-linear methods in the time and frequency domains by application of nonlinear analysis 63 through complexity techniques or algorithms [9] . 64 Autonomic recovery following exercise corresponds to the rate of HR decline owing to 65 reactivation and coordinated vagal withdrawal following exercise [10] [11] [12] . Examination of 66 autonomic recovery after aerobic exercise indicates appropriate clinical data regarding autonomic 67 imbalance and is correlated to a reduction of vagal tone or exaggerated sympathetic activation 68 4 [13, 14] . Prior studies evaluating the autonomic recovery after exercise demonstrated that HR 69 recovery after exercise is influenced by features related to the anthropometric variables and 70 exercise characteristics [15] [16] [17] [18] . 71
Birth weight (BW) is a interesting and important anthropometric variable that merits 72 attention. Battaglia and Lubchenco [19] developed an intrauterine growth chart for the 73 classification of BW at gestational age. Furthermore, previous studies have revealed that adult 74 individuals with low BW had autonomic dysfunction at rest, characterized by increased 75 sympathetic activity and lessened parasympathetic activity [20] [21] . Still, different outcomes 76 regarding the relationship between low BW and autonomic dysfunction have demonstrated 77 ambiguous and inconclusive results [22] . 78
A previous study investigated 5 to 12 year-old children during sleep and, it was observed 79 that the association between low BW and prematurity was connected to cardiac structure 80
alterations; yet, it was unable to modify the autonomic control [23] . In a sample of 397 children, 81 the parasympathetic modulation at rest was reduced in adults with low BW, and those with higher 82 BW had greater parasympathetic and baroreflex activity, indicating that autonomic control can be 83 modified in adults born with low BW [24] . 84
Taken together, it leads us to hypothesize that children with higher BW would achieve 85 faster autonomic recovery following exercise. 86
It should be highlighted that there are physiological and maturational idiosyncrasies 87 between boys and girls of the same age that are evident in the pubertal period [25] . Nevertheless, 88 Goto et al. [26] was unable to find modifications between the genders. Similarly, Guilkey et al. 89 [27] found no discrepancies in HRV between boys and girls 9 to 11 years old after maximal and 90 submaximal exercise. Of late, Souza et al. [22] reported no significant changes in HRV between 91 5 boys and girls aged 5 to 14 years old. In this study, we decided to perform the investigation of 92 data considering boys and girls in the same group. 93
After an extensive the literature review, we discovered no studies that evaluated the impact 94 of BW on HRV during recovery from exercise in children with a restricted age (9 to 11 years). 95
Bearing in mind that the hemodynamic response to exercise may provide evidence that is unable 96 to be detected at rest [18] ; we draw attention to the relevance of a study that emphasizes children 97 who do not apparently present cardiorespiratory diseases. This would assist the identification of 98 possible predispositions to pathological conditions. So, we investigated the involvement of BW 99 and body composition on autonomic recovery after aerobic exercise in children. 100 7 The protocol was undertaken individually between 1:00 pm and 6:00 pm to standardize 137 circadian influences on HRV [27] . It was also performed in a soundproofed room with controlled 138 temperature between 22 °C and 25 °C and humidity amid 50% and 60% at the School of 139 technical courses in informatics -Igeeks ® (Tupis, 236, Tupã, SP, Brazil) . 140
The children were told to avoid drinking beverages containing stimulants or caffeinated 141 drinks for 24 hours prior to the evaluation, food 8 hours before the assessment. They were 142 instructed not to perform strenuous exercises for 24 hours before appraisal. Appropriate and 143 comfortable clothing should be worn to undergo the necessary physical exertions. 144
Initial assessment and Experimental Protocols 145
In the initial assessment the researcher logged: age, gender, weight, height, gestational age, 146 BW, systolic (SAP) and diastolic arterial pressure (DAP), HR and respiratory rate (f) and whether 147 their parents presented with cardiovascular disease. 148 WC, HC and AC were attained in orthostatism, with the abdomen relaxed and arms 149 extended along the body, being measured with a tape measure positioned in the area of lesser 150 curvature located between the final rib and the iliac crest. Waist-stature (WSR) and waist-hip 151 ratio (WHR) were considered. BMI was attained according to the recommendations described by 152
Lohman et al. [28] . Body adiposity index (BAI) [29] and conicity index (CI) [30] were gained 153 through anthropometric data, and the body fat percentage (BF%) was estimated via bioimpedance 154 [31, 32] . 155 HR was recorded with the Polar RS800cx HR monitor (Polar Electro, Finland) and 156 respiratory rate (f) was enumerated by counting the respiratory cycles during one minute whilst 157 the volunteer was uninformed about the procedure taking place. Thus, avoiding influences and 158 consequent changes in the subjects' f. 159 8 SAP and DAP were measured indirectly by auscultation using a calibrated aneroid 160 sphygmomanometer and stethoscope (Premium, Barueri, São Paulo, Brazil) on the left arm whilst 161 the individual continued seated and breathing spontaneously. 162
To avoid measurement distortions, the same researcher measured the same parameters 163 throughout the whole experiment. 164
After the preliminary evaluation, the HR monitor was located on the subjects' thorax, at the 165 level of the distal third of the sternum. Before recording HR, SAP and DAP were measured. 166
The children remained at rest for 15 minutes in the seated position under spontaneous 167 breathing, followed by 5 initial minutes walking on a treadmill for physical 'warming up' (50-168 55% of maximal HR (HRmax) HR: 208 -0.7 × age) [34], next 25 minutes with 60-65% without 169 inclination, and increments of 0.5 km/h every minute until reaching submaximal HR. 170
Directly after the exercise, subjects underwent one minute standing and then subsequently 171 seated for passive recovery for a further 29 continuous minutes, totaling 30 minutes of recovery. 172
During recovery from exercise volunteers remained seated in silence with spontaneous breathing, 173 they did not sleep, did not perform any movements that would induce autonomic changes and did 174 not ingest any type of drink or food. 175 HR, f, SAP and DAP were logged at 15 minutes of rest and at 1 and 30 minutes during 176 recovery from exercise. HRV analysis was achieved at the following times: Rest (10 th to 15 th 177 minute of resting) and during recovery: 0 to 5 th minute, 5 th to10 th minute, 10 th to 15 th minute, 15 th 178 to 20 th minute, 20 th to 25 th minute and 25 th to 30 th minute [35] . The symbolic analysis of HRV was completed through the distribution of the series of RR 201 intervals at the levels: 0V and 2ULV through CardioSeries v2.4 ® software (Ribeirao Preto, SP, 202 Brazil). Detailed information concerning symbolic analysis has been described previously [40] . 203
The reccurence analysis of HRV was achieved quantitatively using the Recurrence Plot 204 (RP) through the Visual Recurrence Analysis ® software to investigate the following indices: 205 10 mean lenght (L Mean), recurrence rate (REC), determinism (DET), laminarity (LAM), Shannon 206 Entropy (Shannon Shannon Entropy, SE) and maximum lenght (L Max). 207
Study Size 208
The sample size was computed using a pilot test, wherein the online software provided by 209 the website www.lee.dante.br was necessary taking into consideration the RMSSD index as a 210 variable. The significant difference in magnitude assumed was 14.11 ms, with a standard 211 deviation of 12.8 ms, per alpha risk of 5% and beta of 80%. The sample size designated a 212 minimum of 13 individuals per group. 213
Statistical analysis 214
Data was presented as descriptive statistics to characterize the sample and were designated 215 by the statistical values of mean, standard deviation and 95% confidence intervals. 216
Data normality was assessed via the Shapiro-Wilk test. The unpaired Student t test 217 (parametric) or the Mann-Whitney test (non-parametric) were obligatory to compare descriptive 218 characteristics between the groups. 219
For comparison between the moments (rest vs. recovery from exercise), the repeated 220 measurements one-way analysis of variance (ANOVA1) test followed by Dunnett's test 221 (parametric distribution) or the Friedman test followed by Dunn's test (non-parametric 222 distribution) were required. The two-way repeated measures analysis of variance technique 223 (ANOVA2) was performed to analyze any differences between groups (birth weight) vs. time 224 (recovery time points). The data of the repeated measurements were checked for sphericity 225 violation using the Mauchly test and the Greenhouse-Geisser correction was applied when the 226 sphericity was violated. 227 11 Significant differences were considered statistically significant when the p-value was lower 228 than 0.05 (or <5%). The statistical analysis were performed with Minitab software (Minitab, PA, 229 USA) and GraphPad InStat -v3.06 (GraphPad Software, Inc., San Diego California USA). 230
Effect size was calculated through Cohen's d. Large effect size was considered for values > 231 0.9 and medium effect size for values between 0.9 and 0.5 [41] . 232
We performed correlation of HRV with BW, body adiposity index, fat percentage through 233 Spearman correlation coefficient. We considered high correlation for r > 0.75 and moderate 234 correlation for r between 0.75 and 0.5. We applied simple linear regression models to model 0V, 235
Recurrent, Determinism -DET (%), Percent Laminarity and Shannon Shannon Entropy 236 parameters as dependent variables and fat percentage and BW as independent variables. As a 237 result of the non-normality of Shannon Shannon Entropy to fit the regression model through the 238 cubic method prior to the analysis Determinism -DET and Percent Laminarity it was not possible 239 to complete the transformation to normality, so the stated parameters were excluded from the 240 regression analysis. 241
242

RESULTS
243
We acknowledged that 28% of children's parents in G1 Table 2 illustrates correlation between HRV and anthropometric variables. We documented 279 weak correlation of fat percentage with 0V 0-5 minutes during recovery from exercise and 280 recurrence rate 0-5 minutes during recovery from exercise. There was also weak correlation of 281 BW with Determinism 5-10 minutes during recovery from exercise, Laminarity 5-10 minutes 282 during recovery from exercise and Shannon Entropy 5-10 minutes during recovery from exercise 283 (Table 2) . 284
Linear regression established significant association between recurrence 0-5 minutes during 285 recovery from exercise and fat percentage and between Shannon Shannon Entropy 5-10 minutes 286 during recovery from exercise and BW (Table 3) . 287
288
DISCUSSION 289
Childhood obesity can begin at any age, it occurs in a comparable way as in adults and is 290 considered a global public health problem [42] . The etiology of obesity is multifactorial because 291 it encompasses environmental, behavioral, organic, psychosocial and socioeconomic situations 292 [43] . Thus, autonomic control of HR during physical effort is influenced by anthropometric 293 factors by reason of the body composition and concentration of visceral fat deposits, which are 294 strongly associated with cardiovascular diseases [44, 45] . An earlier study indicated the possible 295 impact of BW on ANS [19] . Yet, it is unclear if BW has significant impact in children during 296 14 recovery from aerobic exercise, which is an important method to identify such autonomic 297 changes [13] . 298
In this way, our study was started to evaluate the involvement of BW and body 299 composition on autonomic and cardiovascular recovery after submaximal aerobic exercise in 300 children. As principal discoveries, we reported that: 1) f, SAP and DAP recovery were similar 301 between children with higher and lower BW; 2) parasympathetic control of HR through linear 302 HRV analysis was slightly delayed in children with higher BW; 3) nonlinear analysis of HRV 303 indicated slower return following exercise in children with higher BW; 4) fat percentage and BW 304 slightly influenced HRV recovery. It is imperative to mention that children with lower BW had 305 increased fat percentage and body adiposity index. 306
The experimental conventions of this study were founded on HRV analysis during recovery 307 from exercise. This procedure is often perfomed to detect cardiovascular diseases [14] . When 308 related to acute submaximal aerobic physical exercise, it offers hemodynamic dysfunction that is 309 occasionally unidentified at rest [13] . 310
Based on our findings, SAP and f did not return to rest baseline levels 30 minutes after 311 exercise. No significant changes in DAP were observed between before and during recovery from 312 exercise. After physical exercise, SAP decreases due to peripheral vasodilatation [46], but, 313 insufficient SAP decline may be indicative of cardiovascular disease and mortality [47] . Also, 314 DAP normally remains stable during exercise [46] ; and stimuli from the cerebral cortex effect a 315 sudden increase in HR and f to the level that satisfies the requirements for metabolic gas 316 exchange where, at the end of the exercise, they return to their baseline values [46] . 317
We revealed that linear HRV analysis through power spectral density and time domain 318 analysis demonstrated delayed return of HF band and RMSSD to rest values in children with 319 15 higher BW. It designates that vagal control of HR offered slower return after exercise. This 320 information is supported by previous studies [20] [21] [22] 27] that had already evaluated the impact of 321 BW on autonomic cardiac function. It was recognized that both low and high BW may be related 322 to high risk of developing cardiovascular disease in both childhood and adulthood [48] . It was 323 revealed that very low BW would be associated with immature autonomic activity [49] , and that 324 these individuals could exhibit reduced parasympathetic activity when attaining adulthood [21] . 325
Nevertheless, the results remain inconclusive. 326
A previous study evaluated HR in 100 children aged 5-14 years old and demonstrated that 327 there was a decrease in parasympathetic modulation in children with low BW, suggesting higher 328 risk of developing cardiovascular and metabolic diseases during life in children with low BW. 329
The aforesaid study strengthened the possibility that vagal withdrawal, rather than an increased 330 sympathetic activity, may precede cardiovascular diseases in children with low BW [22] . 331
Another study evaluated the ANS in 46 young adults aged 18-25 years old who consented 332 to the handgrip test and it was observed that adults with low BW demonstrated an exaggerated 333 increase in sympathetic response. The stated results support the hypothesis that adult subjects 334 with low BW have adjustments in the autonomic modulation of HR [50] . 335
In addition to linear HRV analysis, we performed nonlinear analysis. This is for the reason 336 that the ANS is considered a complex, dynamic and non-linear system, since it is susceptible to 337 numerous organic and environmental activities [51] . Symbolic and recurrence analysis of HRV 338 are unalike the traditional linear analysis because it constructs the parameters based on nonlinear 339 RR interval distribution [40] . 340
Symbolic analysis of HRV exhibited that 0V and 2UV HRV parameters during recovery 341 from exercise were similar in both groups. Previous studies involving pharmacological blockade 342 16 and autonomic tests [52] indicated that the 0V% index epitomizes the cardiac sympathetic 343 modulation and the 2ULV% index is related to cardiac vagal modulation. 344
Equally, recurrence HRV analysis evidenced that mean length was significantly decreased 345 and maximum length was significantly increased 5 minutes after exercise in children with higher 346 BW, whilst no significant change was recognized in the group with lower BW for those 347 parameters. Recurrence rate, determinism, laminarity and Shannon Entropy were significantly 348 increased 5 minutes after exercise compared to rest in both groups. The recurrence analysis is 349 able to detect physiological changes [51] and non-stationary structural changes [53] . The lower 350 the recurrence parameters values, the greater the chaotic response and more complexity in the 351 system [51] . Our results propose that nonlinear HRV recovery from submaximal effort is delayed 352 in children with higher BW. 353
Taken together, the research literature indicates that premature children and adults have 354 greater likelihoods of developing cardiac autonomic dysfunction throughout life [22, 50] . In 355 contrast, our study evaluated term-born healthy children and separated them according to BW. 356 With this in mind, we propose that higher BW may not have beneficial influences on the ANS. 357
We similarly examined the impact of body composition on the ANS. There was no 358 significant change between higher and lower BW groups in relation to WC, abdominal 359 circumference, WSR, WHR, BMI and conicity index. Nonetheless, we reported increased fat 360 percentage and body adiposity index in children with reduced BW. This evidence raises the 361 question: Which variable has greater influence on HRV recovery following exercise: BW, fat 362 percentage or body adiposity index? 363
In order to resolve this question, we performed correlation and linear regression analysis. It 364 was demonstrated that BW and current fat percentage has slight association with HRV recovery 365 17 following exercise. Adjusted R 2 revealed higher association of BW with nonlinear HRV recovery 366 (BW: R 2 =0.084). In this way, we propose that BW has higher interaction with autonomic HR 367 recovery. 368 Some points are worth highlighting from our study. Children of either gender between 9 369 and 11 years old were considered in this study. The children were not separated by gender 370 because all children had homogeneous (pre-pubertal) maturational states. Guilkey et al. [27] 371 evaluated the effects of autonomic modulation of the HR in children of the same age group and 372 concluded that vagal activation during recovery from physical exercise was analogous amongst 373 both boys and girls. 374
We evaluated healthy term-born children, henceforth, these results cannot be applied to 375 populations with different ages and/or health status. We recognized that 21% of parents of 376 children with lower BW and 28% of the parents of children with higher BW presented with 377 cardiovascular disease. The research literature offered strong evidence regarding the influence of 378 family history on risk factor for cardiovascular disease [54] . Yet, the groups were consistent 379 regarding this variable. 380
CONCLUSION 382
Term-born children with higher BW presented delayed autonomic recovery following 383 aerobic submaximal exercise. BW and current fat percentage has impact on autonomic recovery 384 from exercise. Our results draw attention to newborns with extreme high BW, since these 385 outcomes provide important evidence that increased BW may be related to possible autonomic 386 dysfunction and cardiovascular disorders in older ages. So, we highlight the importance of early 387 detection of autonomic impairment before progression to the possible cardiovascular disorders. 388 1.
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